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NOTICES 


When  Government  drawings,  specifications,  or  other  data  are  used  for 
any  purpose  other  than  in  connection  with  a definitely  related  Government 
procurement  operation,  the  United  States  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  in  any  way  supplied  the  said 
drawings,  specifications,  or  other  data,  is  not  to  be  regarded  by  implica- 
tion or  otherwise  as  in  any  manner  licensing  the  holder  or  any  other  person 
or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use, 
or  sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 

This  document  may  not  be  reproduced  or  published  in  any  form  in  whole 
or  in  part  without  prior  approval  of  the  Government.  Since  this  is  a 
progress  report,  the  information  herein  is  tentative  and  subject  to 
changes,  corrections,  and  modifications. 


I. 


SUMMARY 


A new  air-purification  system  was  designed,  and  components  were 
ordered.  The  system  is  intended  to  reduce  atmospheric  water  vapor  and 
carbon  dioxide  in  the  optical  path  of  the  normal  spectral  emittance 
equipment  to  a point  where  the  absorption  in  the  wavelength  range  of 
32  to  40  microns  can  be  tolerated. 

The  working  standards  of  normal  spectral  emittance  have  been  re- 
turned to  the  National  Bureau  of  Standards,  and  arrangements  are  being 
made  to  offer  them  for  sale  to  applicant  laboratories. 


II.  IN  STRUMENTAT I ON 

Air  Purification  System 

In  previous  reports  it  was  noted  that  the  sources  and  optical  train 
in  the  spectrometer  used  for  normal  spectral  emittance  measurements  had 
been  enclosed,  so  that  determinations  could  be  made  in  a dry,  COg-free 
atmosphere.  This  precaution  was  found  necessary  for  attainment  of  the 
desired  accuracy,  because  the  specimen  beam  and  comparison  beam  pass 
alternately  through  much  of  the  optical  system,  under  the  control  of 
choppers,  and  the  slight  time-lag  between  the  compared  signals,  combined 
with  steep  slopes  of  spectral  absorption  curves  for  CQg:  and  HgO,  pro- 
duced significant  errors  in  measured  emittance,  within  the  critical  wave 
length  intervals.  The  enclosure  was  not  designed  to  be  air  tight,  but 
rather  to  permit  controlled  leakage,  so  that  during  a measurement  it 
could  be  continuously  swept  out  with  super-dry  nitrogen  supplied  from  a 
cylinder  under  slight  positive  pressure.  With  this  arrangement,  relative 
humidities  of  less  than  5%,  as  measured  with  a recording  humidigraph, 
could  be  easily  attained  and  maintained  for  several  hours. 

For  satisfactory  operation  out  to  40  microns,  it  will  be  necessary 
to  almost  completely  eliminate  water  from  the  optical  path,  not  only  as 
vapor  in  the  atmosphere,  but  also  as  adsorbed  films  on  optical  elements, 
particularly  the  cesium  bromide  prism  and  window  to  the  detector.  With 
this  in  mind  the  atmosphere-control  system  has  been  modified  to  greatly 
reduce  the  water  content  of  the  optical  path. 

The  plastic  enclosure  to  the  external  optics  was  redesigned  to  re- 
duce the  enclosed  volume  and  all  joints  in  the  system  were  sealed  to 
minimize  leakage.  A new  atmospheric  purification  system  was  designed  to 
circulate  the  atmosphere  continuously  in  the  enclosure  through  a purifi- 
cation train  which  removes  carbon  dioxide  and  water  vapor.  A diagram  of 
the  purification  train  is  shown  in  figure  1. 
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Fig.  1.  Schematic  diagram  of  atmosphere  purification  system. 

1.  Air  inlet  from  compressor  and  storage  tank.  2. 
Coarse  air  filter.  3.  Purge  valve.  4.  Combination 
temperature  and  pressure  gage.  5.  Valve.  6.  Air 
filter.  7.  Pressure  regulator.  8.  Gage,  combina- 
tion pressure  and  temperature.  9.  Safety  relief 
valve.  10.  Water  filter  - silica  gel.  11.  Carbon 
dioxide  filter,  Askerite.  12.  Water  filter,  mole- 
cular sieve.  13.  Moisture  indicator.  14.  Oil 
filter.  15.  Dust  filter,  11-15  micron.  16.  Dust 
filter,  2-5  micron.  17.  Gage,  pressure,  0-30  psi. 
18.  Pressure  regulator.  19.  Gage,  pressure,  0-15 
psi.  20.  Surge  tank.  21.  Flow  meter.  22.  Dis- 
charge to  spectrometer  enclosure. 
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The  system  consists  essentially  of  an  oilless  compressor,  a storage 
tank,  a series  of  scrubbing  towers  and  filters  to  remove  water,  carbon 
dioxide, oil  and  dust,  pressure  regulators  and  valves  to  control  the  flow 
rate,  and  the  necessary  traps,  gages,  etc.  Engineers  of  the  Plant  Divi- 
sion of  NBS,  who  designed  the  system,  report  that  it  should  deliver 
CQg-free  air  at  a dew  point  of  less  than  - 70°C.  With  this  system  it 
will  be  possible  to  maintain  the  controlled  atmosphere  at  all  times  ex- 
cept for  brief  periods  when  the  enclosure  must  be  opened  to  insert  new 
specimens  or  adjust  the  equipment. 

Filter  Circuits 

The  amplifier  of  the  model  13  spectrometer  contains  two  filter  cir- 
cuits, one  for  the  signal  from  the  IQ  beam,  and  the  other  for  the  signal 
from  the  I beam.  Each  filter  circuit  reduces  noise  by  averaging  the 
signal  over  a timer  interval,  which  is  a function  of  the  time  constant  of 
the  circuit.  The  time  constant  can  be  set  at  any  one  of  four  values  by 
means  of  the  "response"  dial  on  the  amplifier,  which  adjusts  both  filter 
circuits  simultaneously. 

The  time  constant  of  the  filter  circuit  affects  the  wavelength  re- 
solution of  the  instrument  during  automatic  scanning  in  single-beam 
direct  mode;  highest  resolution,  and  greatest  noise,  is  obtained  with  the 
shortest  time  constant  or  lowest  "Response"  setting.  The  same  effect  is 
produced  when  the  instrument  is  used  double-beam  in  ratio  mode,  when  the 
two  filter  circuits  have  the  same  time  constants,  as  they  normally  do. 

Checking  of  the  filter  circuits  revealed  that  deterioration  of  com- 
ponents, particularly  condensers,  had  occurred,  and  that  the  two  filter 
circuits  no  longer  had  the  same  time  constants.  Carefully  balanced  fil- 
ter circuits  have  been  order  to  replace  those  that  were  found  to  be  de- 
fective . 


III.  DATA -PROCESSING  EQUIPMENT 

The  computer  program  for  correcting  normal  spectral  emittance, 
referred  to  in  the  last  quarterly  report,  was  checked  out  and  found  to 
perform  satisfactorily.  The  input  to  the  computer  is  the  punched  paper 
tapes  prepared  by  the  data-processing  attachment  representing  (1)  the 
uncorrected  normal  spectral  emittance,  (2)  the  100%  calibration  line, 
and  (3)  the  zero  calibration  line.  This  program  was  used  in  reducing 
data  on  the  oxidized  Inconel  working  standards, ref erred  to  in  Section 
IV  of  this  report. 
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The  automatic  correction  feature  of  the  data-processing  attachment 
is  not  yet  operating  in  all  respects.  There  are  several  different  cir- 
cuits involved  in  its  operation.  In  experimental  establishment  of  a 
calibration  curve,  the  pulses  produced  by  the  recording  potentiometer 
shaft  encoder  are  amplified  and  recorded  on  the  magnetic  tape.  All  of 
the  components  in  this  circuit  are  now  operating  satisfactorily,  and  the 
calibration  curves  are  properly  recorded  on  the  magnetic  tape.  During 
recording  of  the  specimen  curve,  the  pre-recorded  magnetic  tape  is  played 
back  synchronously  with  the  automatic  wavelength  scanning  of  the  spectro- 
meter, and  the  pulses  from  the  tape  should  drive  the  1007>-  and  zero- 
potentiometers  up  or  down  as  required  to  correct  for  the  instrumental 
errors.  This  function  has  so  far  not  been  performed  satisfactorily. 

Each  circuit  from  the  tape  recorder  to  the  stepping  motor  consists 
of  five  components:  the  tape  reader,  tape  amplifier,  gating  circuit,  power 
amplified  and  motor.  Tests  so  far  have  indicated  that  the  tape  reader 
and  motor  operate  satisfactorily.  A new  power  amplifier  was  supplyed  by 
the  manufacturer,  and  appears  to  be  satisfactory.  A remaining  malfunction 
has  been  found  in  the  tape  amplifier,  and  there  is  an  indication  of  possi- 
ble trouble  in  the  gating  circuits.  The  manufacturer  is  still  cooperating, 
and  it  is  hoped  that  the  remaining  deficiencies  can  be  corrected  soon. 


IV.  WORKING  STANDARDS  OF  NORMAL  SPECTRAL  EMITTANCE 

The  platinum,  oxidized  Kanthal  and  oxidized  Inconel  working  standards 
of  normal  spectral  emittance  that  had  been  transmitted  to  the  Physics 
Laboratory,  A.S.D.,  were  returned  to  the  National  Bureau  of  Standards  with 
a request  that  the  Bureau  make  arrangements  to  distribute  them  to  other 
laboratories  as  requested.  Such  arrangements  are  now  being  worked  out, 
and  it  is  anticipated  that  the  working  standards  will  be  sold  at  a cost 
that  will  partially  compensate  the  Bureau  for  the  cost  of  preparation  and 
calibration  of  similar  additional  working  standards. 

The  0.484-inch-diameter  disc  working  standards  of  platinum- 13%  rhodium 
alloy  and  oxidized  Inconel  have  been  prepared  and  given  the  required  an- 
nealing and  oxidation  treatment.  Measurements  have  been  completed  on  the 
six  1/4  x 8-inch  strip  specimens  cut  from  the  same  sheet  as  the  Inconel 
discs,  and  the  data  are  ready  to  be  reduced  and  analyzed  statistically. 
Measurements  will  be  made  in  the  near  future  on  the  1/4  by  8-inch  strips 
of  platinum- 13%  rhodium  alloy. 
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V.  EQUATIONS  RELATING  SPECTRAL  EMISSIVITY 
OF  METALS  TO  OTHER  PROPERTIES 

A summary  of  the  background  and  current  status  of  this  phase  of 
the  work  follows.  Equations  relating  the  emissivity  of  metals  to  their 
electrical  resistivities  have  been  available  for  many  years.  The  earli- 
est attempts  by  Hagen  and  Rubens  have  been  modified  through  the  years  to 
produce  relations  that  are  generally  applicable  in  the  longer  wavelength 
and  elevated  temperature  regions.  While  this  approach  to  prediction  of 
properties  has  been  very  successful  for  restrictive  conditions,  it  is 
not  satisfactory  for  explaining  the  inflections  and  irregularities  ob- 
served in  experimental  emissivity  (reflectivity)  data. 

A more  realistic  approach  to  prediction  of  the  property  must  con- 
sider the  mechanism  of  the  transport  process  to  be  characterized  by  more 
than  one  family  of  free  electrons.  Recent  publications  by  Roberts  rl"1 
and  T.  R.  Harrison  [2]  have  given  equations  that  are  applicable  or  adapt- 
able, including  the  effects  of  several  families  of  free  and  bound  elec- 
trons on  the  transport  process.  This  classical  approach  is  in  harmony 
with  quantum  mechanism,  as  electrons  in  different  energy  zones  are  shown 
to  have  different  behaviors. 

The  equations  suggested  by  Harrison,  with  terms  to  provide  for  the 
effects  of  free  and  bound  electron  families,  have  been  considered.  At- 
tempts were  made  to  compute  good  values  of  the  equation  parameters  from 
reliable  normal  spectral  reflectivity  values  of  the  metal  rhodium  at 
room  temperature.  As  stated  in  a previous  report,  first  only  one  cate- 
gory of  free  electrons  and  one  of  bound  were  used.  Within  the  wave- 
length range  of  visible  radiation  a curve  obtained  in  this  way  gave  a 
very  creditable  fit,  and  followed  the  inflection  corresponding  to  a 
maximum  in  emittance  of  about  0.45  micron.  In  the  attempt  to  extend 
the  range  of  good  fit  out  to  about  lOp,  it  became  evident  that  addition- 
al parameters,  making. at  least  10  in  all,  would  be  required  for  inser- 
tion into  more  than  one  term  for  free  electrons  and  more  than  one  for 
bound  electrons. 

Work  will  continue  on  the  rhodium  data  until  parameters  for  proper 
theory-data  comparison  can  be  better  determined.  Special  consideration 
will  be  given  to  the  effect  on  the  parameters  of  uncertainties  in  the 
reflectivity  data.  Optical  constants  determined  from  the  parameters 
derived  from  reflectivity  data  will  be  computed  and  examined  to  deter- 
mine the  physical  credibility  of  this  approach. 

With  the  fraction  of  total  effort  on  this  study  that  could  be  de- 
voted to  this  aspect,  no  set  of  parameters  has  yet  been  found  that  will 
produce  a normal  spectral  reflectivity  curve  which  fits  the  observed 
data  over  a wide  wavelength  interval  both  generally  and  in  detail.  How- 
ever the  findings  have  not  been  negative  and  show  promise  that  further 
exploration  could  produce  some  useful  results. 
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